Abstract Migration status and the accompanying diversity in culture, foods and family norms, may be an important consideration for practitioners providing individualized care to treat and prevent complications among youth with diabetes. Approximately 20 % of youth in the US have C1 foreign-born parent. However, the proportion and characteristics of youth with diabetes and C1 foreignborn parent have yet to be described. Study participants (n = 3,086) were from SEARCH for Diabetes in Youth, a prospective multi-center study in the US. Primary outcomes of interest included HbA1c, body mass index and barriers to care. Multivariable analyses were carried out using logistic regression and analysis of covariance. Approximately 17 % of participants with type 1 diabetes (T1D) and 22 % with type 2 diabetes (T2D) had C1 foreign-born parent. Youth with T1D and C1 foreign-born parent were less likely to have poor glycemic control [adjusted odds ratio (OR) (95 % confidence interval): 0.70 (0.53, 0.94)]. Among youth with T2D, those with C1 foreign-born parent had lower odds of obesity [adjusted OR (95 % CI): 0.35 (0.17, 0.70)]. This is the first study to estimate the proportion and characteristics of youth with diabetes exposed to migration in the US. Research into potential mechanisms underlying the observed protective effects is warranted.
Background
Diabetes is a unique chronic condition in that it requires rigorous and individualized ongoing treatment provided by a multidisciplinary healthcare team to maintain quality of life and prevent poor glycemia, cardiovascular disease and other complications. Providing effective individualized care relies on the consideration of individual-level factors, such as knowledge, attitudes and beliefs, as well as the socio-cultural environment in which a patient lives. The fact that poor glycemic control and cardiovascular disease risk factors are common among youth with diabetes in the US [1, 2] suggests that gaps remain in our understanding of the determinants of and prevention of these adverse health outcomes. Additional investigation of factors potentially associated with these clinical characteristics is needed in order to address these gaps. Research has supported associations of parental educational attainment, family structure and race/ethnicity [1] with glycemic control and it is plausible that other demographic factors, such as migration status, may also be important considerations for improving treatment and prevention efforts.
Migration to the US has been increasing since 1945 [3] with the current immigrant population estimated to be 38.5 million or 12 % of the total population [4] . According to the 2009 US Census, approximately 20 % of youth (\18 years) have at least one foreign-born parent [5] . However, the proportion of youth with diabetes who have at least one foreign-born parent is unknown. Furthermore, the demographic, socioeconomic and clinical characteristics of this subpopulation in the US have yet to be described.
Current evidence suggests that the impact of migration status on glycemic control and self-management among youth with diabetes may differ in Europe and the US. Hsin et al. [6] found that among Hispanic youth with type 1 diabetes, those who migrated to the US more recently had better adherence measured using the Diabetes Self-Management Profile [7] . In Italy, two cross-sectional studies reported that children of immigrants born in Italy have a younger age of type 1 diabetes diagnosis than children of immigrants born in their countries of origin or Italian children [8, 9] . Children of immigrants (those born outside of Italy and those born in their country of origin, combined) were also more likely to have higher glycosylated hemoglobin A1c (A1C) than Italian patients [9] . In France, a cross-sectional study of youth with type 1 diabetes found that youth with immigrant mothers had higher A1C and lower adherence to diet and insulin recommendations and that immigrant mothers had lower levels of diabetes knowledge relative to native French mothers [10] .
SEARCH for diabetes in youth includes one of few cohorts with information on migration status concurrent with clinical characteristics and barriers to care among youth with diabetes in the US. These data provide a unique opportunity to explore the proportion and characteristics of youth with diabetes and at least one foreign-born parent. The objectives of this study were to: (1) determine the proportion of SEARCH participants with at least one foreign-born parent and the distribution of demographic and socioeconomic characteristics and (2) determine if having at least one foreign-born parent is associated with glycemic control, cardiovascular disease risk factors and barriers to care.
Methods

Study Sample
SEARCH for diabetes in youth is a prospective cohort of youth with diabetes across six sites in the US: South Carolina, Ohio, Colorado, California, Washington and Hawaii. The study protocol was approved by Institutional Review Boards at each site and details of the methods have been published previously [11] . Briefly, all prevalent cases of diabetes were identified in 2001 and incident cases were identified in subsequent years with estimated case ascertainment greater than 90 % [12, 13] . All ascertained cases were asked to complete a brief initial survey and after completion, were invited to a baseline visit during which anthropometric data and blood samples were collected. Participants in the 2002-2005 incident cohorts were also asked to attend periodic follow-up visits, on average, 12, 24 and 60 months after the baseline visit.
Initially, SEARCH did not query youth or parent migration status. In 2007, questions regarding migration were added to surveys that were administered to the 2001 prevalent cohort and the 2002-2005, and 2008 incident cohorts. Migration questions were consistent among the surveys and included whether the participant or either parent had migrated to the US, and if so, when they migrated and where they migrated from. SEARCH did not query the legal status of individuals that reported being born outside the US.
As a consequence of the SEARCH protocol, only baseline data were available for the 2001 prevalent and 2008 incident cohorts and follow-up visit data were additionally available for the 2002-2005 incident cohorts. In the event that data were available for more than one follow-up visit, the most recent visit was selected with the objective of increasing generalizability by including the most contemporary data and a diverse sample of disease durations. All outcome variables are therefore from a single visit.
A total of 3,191 youth diagnosed with type 1 or type 2 diabetes by a health care provider before the age of 20 years completed the survey containing the migration questions. Of these, 57 had missing data and 37 responded ''Don't know'' to at least one of the three questions relating to migration, and thus were excluded from the present analysis. Additionally, 11 participants were born outside the US yet had US-born parents, possibly indicating that they were adopted. Due to potential differences in exposure, this subgroup of participants was excluded, leaving 3,086 participants in the final analysis.
Measures
Participants were categorized as exposed to migration if they had at least one parent that reported being born outside of the US. Self-reported country of origin was categorized into six macro geographical regions according to the United Nations' 2008 Demographic Yearbook: Africa, Asia, Europe, Latin America and the Caribbean, Northern America, and Oceania [14] . Parental duration of residency in the US was calculated as the period beginning with the self-reported year of migration to the US and ending with the year of the baseline visit or most recent follow-up visit. For participants with two foreign-born parents, the parental duration in the US was calculated as the mean of the two parents' durations.
Participant age was calculated as the period beginning with date of birth and ending with the date of the baseline visit or most recent follow-up visit. Diabetes duration was calculated as the period from the date of diabetes diagnosis to the date of the baseline visit or most recent follow-up visit. Self-reported demographic and socioeconomic variables assessed included gender, race/ethnicity based on 2000 US Census classification [15] [non-Hispanic white, Hispanic (regardless of race), Asian/Pacific Islander, non-Hispanic black, Other (including Native American)], highest level of parental educational attainment (Bhigh school, some college or a degree), family structure (two-parent household, singleparent household, other household structure), estimated total annual household income (\$24,999, $25,000-$49,999, $50,000-$74,999, C$75,000). Health insurance coverage was categorized as a binary variable (private, other) where other included participants reporting none (n = 32 for type 1 diabetes; n = 19 for type 2 diabetes), Medicaid/Medicare (n = 202 for type 1 diabetes; n = 46 for type 2 diabetes), and other (n = 20 for type 1 diabetes; n = 6 for type 2 diabetes). Proportions for health insurance coverage excluded the California and Hawaii SEARCH sites because these were healthcare plan sites and therefore all participants from these sites would be classified as having private insurance.
Barriers to care were assessed at follow-up visits via questionnaire items adapted from the Consumer Assessment of Healthcare Providers and Systems survey Supplemental Item Set for Children with Chronic Conditions [16] . The seven barriers assessed included: not having a personal doctor (regular doctor), problems getting care (access to care), costs of care, problems getting medications/supplies, problems receiving care that takes into account personal and family context (contextual care), problems communicating with providers, and problems getting needed information. Barriers were identified as being absent or present based on operationalization schemes published previously [17] .
Glycemic control was assessed using A1C measured in whole blood with automated non-porous ion-exchange high-performance liquid chromatography (Tosoh Bioscience, Montgomeryville, Pennsylvania) and was analyzed as a continuous outcome and as a binary outcome defined as A1C C 9.5 % (poor glycemic control) versus \9.5 [1] .
Cardiovascular disease risk factors assessed included body mass index (BMI, kg/m 2 ), BMI z-score, obesity (BMI C 95th percentile for age and sex), waist circumference (cm), systolic blood pressure (SBP, mmHg), diastolic blood pressure (DBP, mmHg), hypertension (SBP or DBP C 95th percentile for age, gender, and height), lowdensity lipoprotein (LDL, mg/dL) cholesterol, high-density lipoprotein (HDL, mg/dL) cholesterol, triglycerides (mg/ dL), and family history of diabetes (mother or father with diabetes). Methods used for anthropometric measures and clinical characteristics have been published previously [11] . Quality of life was assessed using the Pediatric Quality of Life Inventory Generic Module (PedsQL) total score ranging from 0 to 100 with higher scores indicating better health-related quality of life. Frequency of self blood glucose monitoring (\1 time per day, 1-2 times per day, 3 times per day, C4 times per day) was self-reported.
Analysis
All analyses were stratified by diabetes type. Chi-square tests were used to compare categorical outcomes and F tests (ANOVA) were used to compare continuous outcomes across migration status strata. A Fisher's Exact Test was used to compare categorical outcomes when cell sizes were less than or equal to 5. Test assumptions, including homogeneity of variances, were met.
Race/ethnicity was assessed as a potential effect measure modifier using a Breslow-Day test for homogeneity of the stratum-specific odds ratios at an alpha level of 0.10 to account for small sample sizes and consequently lower power for stratified estimates. Race/ethnicity stratum-specific estimates could not be derived for participants with type 2 diabetes due to small cell sizes. In the absence of effect measure modification, race/ethnicity was treated as a potential confounder and a single effect estimate was presented. Additional potential confounders were identified using a directed acyclic graph [18] : diabetes duration, SEARCH site, parental education, and household income. A change-in-estimate approach with a 10 % change taken to be an indication of confounding was used to determine the final adjustment set for a given outcome.
Multiple logistic regression analysis for binary outcomes and analysis of covariance (ANCOVA; generalized linear models) for continuous outcomes were used to assess the effect of migration status on A1C, obesity, BMI z-score, and barriers to care after adjustment for confounders. All statistical analyses were conducted using SAS 9.2 (SAS Institute, Cary, North Carolina). Statistical significance was considered for P \ 0.05.
Results
Of the 3,086 youth included in the present analysis, 16.9 % (n = 450) of those with type 1 diabetes and 22.0 % (n = 92) of those with type 2 diabetes had at least one foreign-born parent. Due to limitations in sample size, participants with one (type 1 diabetes, n = 249; type 2 diabetes, n = 20) or both (type 1 diabetes, n = 201; type 2 diabetes, n = 72) parents born outside the US were combined. Within this group, 53 of the participants with type 1 diabetes and 24 of those with type 2 diabetes were themselves born outside the US.
Duration of parental residency in the US ranged from 4 to 54 years among participants with type 1 diabetes and 4 to 45 years among those with type 2 diabetes. The majority of parents born outside the US migrated from Latin America and the Caribbean ( Table 1 ). The proportion of males with type 2 diabetes was lower among participants with US-born parents: 36.7 % compared to 48.9 % among those with at least one foreign-born parent. Parents of participants with type 1 diabetes who migrated to the US were less likely to have some college or a degree than those born in the US and had lower household incomes. Participants with type 2 diabetes and at least one foreign-born parent were significantly more likely to live in a two-parent household and a trend towards lower parental education in this group approached significance.
Participants with type 1 diabetes and at least one foreign-born parent had a lower total PedsQL score, on average, than those with US-born parents (Table 1) . No statistically significant differences in frequency of blood glucose monitoring were observed between migration strata among participants with type 1 diabetes or participants with type 2 diabetes.
Information on barriers to care was available for the subsample with a follow-up visit (n = 1,496). In the unadjusted analysis, among participants with type 1 diabetes, having a regular doctor and receiving contextual care differed by parental migration status: participants with at least one foreign-born parent were more likely to experience these barriers (Table 2) . However, these differences were no longer statistically significant after adjustment for race/ethnicity and SEARCH site: adjusted odds ratios (OR) [95 % confidence intervals (CI)] for not having a regular doctor: 1.10 (0.72, 1.67); not receiving contextual care: 1.14 (0.76, 1.72) ( Table 3 ). Among participants with type 2 diabetes, only access to care varied by parental migration status in the unadjusted analysis: those with US-born parents reported this barrier more frequently.
A total of 2,896 participants had glycemic control and cardiovascular disease risk factor data. Among participants with type 1 diabetes, there was no statistical evidence for heterogeneity across race/ethnicity strata (homogeneity test P = 0.62 for poor glycemic control and P = 0.13 for obesity). Race/ethnicity (non-Hispanic white versus all other) was therefore assessed as a potential confounder in all remaining multivariable models. Participants with type 1 diabetes and at least one foreign-born parent were significantly less likely to have poor glycemic control than participants with US-born parents [adjusted OR (95 % CI): 0.70 (0.53, 0.94); Table 4 ]. Results based on A1C data analyzed continuously were similar [adjusted mean ± SD A1C among participants with US-born parents: 8.53 ± 0.04; participants with at least one foreign-born parent: 8.17 ± 0.10; P = 0.001].
Obesity was not significantly associated with migration status among participants with type 1 diabetes [adjusted OR (95 % CI): 0.79 (0.55, 1.12); Table 4 ] and an association was also not found when BMI z-scores were analyzed continuously [adjusted mean ± SD BMI z-scores among participants with US-born parents: 0.62 ± 0.02; participants with at least one foreign-born parent: 0.55 ± 0.06; P = 0.3].
Glycemic control was not significantly associated with migration status among participants with type 2 diabetes [adjusted OR (95 % CI): 0.65 (0.29, 1.45); Table 4 ] and results were again consistent when A1C was analyzed continuously [adjusted mean ± SD A1C among participants with US-born parents: 8.29 ± 0.19; participants with at least one foreign-born parent: 7.89 ± 0.44; P = 0.4].
Participants with type 2 diabetes that had at least one parent born outside the US were significantly less likely to be obese relative to participants with US-born parents [adjusted OR (95 % CI): 0.35 (0.17, 0.70); Table 4 ]. The direction of this association was consistent when BMI z-scores were analyzed continuously, but was no longer statistically significant after adjustment [adjusted mean ± SD BMI z-scores among participants with US-born parents: 1.97 ± 0.08; participants with at least one foreign-born parent: 1.73 ± 0.18; P = 0.2].
The following sensitivity analyses were performed and resulted in similar effect estimates as the combined results above: (1) baseline data for all participants (compared to Proportions excluding California and Hawaii SEARCH sites because these sites were healthcare plan sites and therefore all participants from these sites would be coded as having private insurance e Includes none (n = 32 for type 1 diabetes; n = 19 for type 2 diabetes), Medicaid/Medicare (n = 202 for type 1 diabetes; n = 46 for type 2 diabetes), and other (n = 20 for type 1 diabetes; n = 6 for type 2 diabetes) most-recent visit data), (2) stratifying participants into the following three exposure categories: US-born parents, one foreign-born parent, both parents foreign-born, and (3) stratifying participants into the following three exposure categories: US-born parents, at least one foreign-born parent with duration in the US C median, at least one foreign-born parent with duration in the US \ median (data not shown).
Discussion
The present analysis is one of few studies to examine healthrelated aspects of youth with diabetes who are children of immigrants to the US. Approximately 17 % of participants with type 1 diabetes and 22 % with type 2 diabetes had at least one foreign-born parent; similar estimates to those reported for the general population of youth (\18 years) in the US [5] . This study contributes to the growing documentation of the ''healthy immigrant effect'' [19] . Participants with type 1 diabetes and at least one foreign-born parent had better glycemic control than those with US-born parents. Participants with type 2 diabetes and at least one foreign-born parent were less likely to be obese than their counterparts with US-born parents. Systematic reviews suggest that these comparatively better health outcomes may deteriorate over time as immigrants acculturate and acquire their host country's rates of disease risk factors and disease [20] [21] [22] . Here we have identified a potential early intervention target associated with better glycemic control and weight status. Youth with type 1 diabetes who had at least one foreignborn parent were less likely to have poor glycemic control and had a lower mean A1C than youth with US-born parents. A similar magnitude and direction of effect was also observed among youth with type 2 diabetes, though the association was not statistically significant. Results of adjusted barriers to care analysis among participants with type 1 diabetes suggested that children of immigrants in this sample did not have significantly higher odds of reporting the barriers of having a regular doctor, access and cost of care, getting medications and information, or communicating with practitioners, perhaps explaining why we did not observe detrimental effects. The apparent protective effect may stem from better adherence to clinical recommendations among Hispanic youth [6] , who made up nearly 50 % of participants with at least one foreign-born parent in this sample. Better adherence in this group may be the result of cultural values, such as respect of elders and more reverent treatment of healthcare workers, observed previously in both Hispanic and Asian populations [6, 23] . Additionally, offspring of immigrants may have greater family involvement and support [24] , which have been associated with improved adherence in youth with diabetes [25] . In this sample, participants with at least one foreign-born parent were more likely to live in a twoparent household. Family structure, serving as a proxy for family support, may be a mediating pathway through which parent migration status improves glycemic control among youth with diabetes. Among participants with type 2 diabetes, those with at least one parent born outside the US were less likely to be obese relative to their counterparts with US-born parents. This difference may be explained by the large proportion of immigrants from Asia, Latin America and the Caribbean in this sample. In groups migrating from these regions, type 2 diabetes has been shown to occur at a lower BMI than in other populations [20, 26] , perhaps due to the interaction of a genetic predisposition and exposure to a Western diet [27, 28] . Compared to genetically similar adults in their villages of origin in India, UK migrants were found to have higher total energy intakes, fat intakes and IGF-1 levels, independent of BMI [29] . A clinical implication of this result may be the need for type 2 diabetes screening at lower BMIs in patients with foreign-born parents.
Additionally, though speculative, these results may indicate that in this sample of immigrant families there is greater adherence to traditional, healthier foods. Previous studies in Latino youth have revealed an association between lower levels of acculturation and lower dietary intakes of energy, fat, and saturated fat [30] and studies in Asian adolescents have reported higher levels of vegetable consumption and lower levels of soda consumption relative to white adolescents [31] . Further research on family support, dietary intake, and acculturation is needed to improve our understanding of the observed protective effects.
There were several limitations to the present analysis. For participants with type 1 diabetes, our sample sizes within racial/ethnic strata were small, particularly for Asian/Pacific Islanders, thus limiting our power to detect differences across racial/ethnic strata. Furthermore, though sensitivity analyses did not indicate substantial differences Table 4 Odds ratios (95 % confidence intervals) for binary logistic regression models predicting poor glycemic control (A1C C 9.5 %) or obesity (BMI C 95th percentile for age and sex) by diabetes type. Participants with US-born parents were the referent group Type 1 diabetes (n = 2,511) Type 2 diabetes (n = 385)
Poor glycemic control (A1C C 9.5 %) Final adjustment set for outcome of poor glycemic control and A1C in type 1 diabetes stratum given 10 % change-in-estimate criteria g Final adjustment set for outcome of poor glycemic control and A1C in type 2 diabetes stratum given 10 % change-in-estimate criteria h Final adjustment set for outcome of obesity and BMI z-scores in type 1 diabetes stratum given 10 % change-in-estimate criteria i Final adjustment set for outcome of obesity and BMI z-scores in type 2 diabetes stratum given 10 % change-in-estimate criteria between strata of participants with one versus both parents born outside the US, small sample sizes limited the interpretability of these results. There was therefore the potential for heterogeneity within the group of participants with at least one foreign-born parent. The total sample size for youth with type 2 diabetes was also small. However, to our knowledge, this is the first analysis to present these data on children of immigrants with type 2 diabetes in the US and therefore it provides insight into this unexplored subgroup. Over 37 % of participants with type 1 diabetes and 55 % of those with type 2 diabetes and at least one foreignborn parent came from the California SEARCH site. Although confounding by SEARCH site was assessed, this disproportion may have introduced selection bias in that California has one of the largest immigrant populations in the US [32] and living in immigrant enclaves has been associated with improved health behaviors [33] . Although ascertainment for SEARCH is high [12, 13] , selection bias in the form of ''the healthy volunteer effect'' may have influenced the results: participants with at least one foreign-born parent that participated in this study may reflect a healthier group of individuals exposed to migration relative to the general US population. Finally, the only measures of acculturation investigated in this analysis were generational status and duration of residence in the US. More sophisticated scales of acculturation, such as ''A Short Acculturation Scale for Hispanics,'' which has been adapted for use in other cultures [34] , could provide further insight into additional aspects that we were not able to explore, such as linguistic acculturation and ethnicity of neighborhoods, schools, and close friends. Diabetes is a unique condition in that it requires tailored and multidisciplinary ongoing care. Parent migration status may be an important factor for health care teams to consider when providing individualized care to youth with diabetes. The large proportion of participants with foreignborn parents reported here supports the need for further investigation of diabetes care in this understudied population.
